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(54) Controlling power consumption of a display unit 



(57) In a plasnia display apparatus with power con- 
sumption control, a control method is provided that elim- 
inates unnaturalness of images during power control 
and that holds power consumption to within a target 
value regardless of the type of image pattern displayed. 
Differences between power consumption Pg/^ and 
target value Pset summed to calculate power con- 



sumption sum value Psum. and if Psum "S negative, 
brightness set value MCBC is set to its maximum 
value MCBCmax- If ^sum is positive, the value cal- 
culated by the equation " MCBC ^^;^x " sum ^ 
MCBC MAx'P suM.MAX " ^et as the MCBC. 
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Description 

The present invention relates to controlling the 
power consumption of a display unit. In particular, it 
relates to a method and apparatus for controlling the s 
power consumption of a display apparatus, especially a 
display apparatus having a plasma display panel, and 
more particularly a display apparatus having an AC- 
driven plasma display panel, a display system equipped 
with such a power consumption control apparatus, and io 
a storage medium with a program stored therein for 
innplementing such a power consumption control 
method. 

In some previously-proposed systems, power con- 
sumption control for a display apparatus, especially a is 
display apparatus having an AC-driven plasma display 
panel (PDP), is performed by continuously monitoring 
the power consumption that changes as the total value 
of display data changes, and by forcefully reducing the 
brightness of the entire screen when the power con- 20 
sumption has exceeded its upper limit value and 
increasing the brightness when the power consumption 
drops below its lower limit value. In performing the con- 
trol, in order to minimize the unnaturalness perceived by 
the viewer viewing the display, brightness is reduced 2s 
gradually when it is necessary to reduce the brightness 
because power consumption is too large, and is 
increased quickly when the brightness can be increased 
because the power consumption is low enough to per- 
mit it. 30 

In the case of an AG*driven plasma display, the con- 
trol of brightness is accomplished by varying the 
number of sustain pulses during one frame period and 
thereby varying the length of the sustained-discharge 
period. The brightness of each pixel, based on display 35 
data. Is achieved by dividing one frame into a plurality of 
sub-fields with varying sustained-discharge periods and 
by selectively enabling or disabling the sub-fields in 
accordance with whether the bits forming the pixel data 
are on or off. For example, when data of each pixel con- 40 
sists of eight bits, one frame is divided into eight sub- 
fields the ratio of whose sustained-discharge periods is 
20^1^2. 2^, and the corresponding sub-fields are 
enabled or disabled in accordance with the bit pattern of 
the pixel data. In the case of color display, the above 4s 
control is performed independently for each of the three 
kinds of pixels corresponding to R. G. and B. The bright- 
ness of the entire screen is achieved by increasing or 
decreasing the sustained-discharge periods of all the 
sub-fields while maintaining the above ratio. so 

As described above, In a display apparatus such as 
a PDP having a power consumption control function, 
the speed with which the brightness of the entire screen 
is reduced to control power consumption is set slower 
than the speed with which the brightness is increased, ss 
in order to minimize the unnaturalness perceived by the 
viewer viewing the display. In other words, power con- 
sumption is quick to rise but slow to fall; therefore, when 



images with rapidly varying toad, such as flashing 
inr«ges. are successively displayed, the power con- 
sumption rises quickly in the off period, but does not fall 
readily in the on period because the speed wnth which 
the power consumption is lowered is slow. If such pat- 
terns are repeated, the average power consumption 
does not settle down to the set value but exceeds the 
set value, if the set value is set lower than the actually 
permitted power consumption value to avoid the above 
situation, there arises a problem when displaying 
images with stable load, that is, the brightness and con- 
trast are reduced more than necessary, resulting in deg- 
radation of picture quality. 

Accordingly, it is desirable to provide a method of 
power consumption control that can hold average power 
consumption within a specified value whether images 
with rapidly varying load continue or whether Image 
toad is stable, and can yet maintain as good a picture 
quality as possible. 

According to an embodiment of a first aspect of the 
present invention, there is provided a method of corrtrol- 
ling power consumption of a display unit, comprising the 
steps of: measuring the power consumption of the dis- 
play unit; Increasing display brightness of the display 
unit, or decreasing the display brightness at a speed dif- 
ferent from the speed of increasing, in accordance with 
the measured value of the power consumption; sum- 
ming the power consumption; and controlling the dis- 
play brightness in accordance with the sum value of the 
power consumption and thereby controlling the power 
consumption to within a target value. 

According to an embodiment of a second aspect of 
the present invention, there is also provided an appara- 
tus for controlling power consumption of a display unit, 
comprising: means for Inputting a measured value of 
the power consumption of the display unit; means for 
increasing display brightness of the display unit, or 
decreasing the display brightness at a speed different 
from the speed of increasing, in accordance with the 
measured value of the power consumption; means for 
summing the power consumption; and means for con- 
trolling the display brightness in accordance with the 
sum value of the power consumption and thereby con- 
trolling the power consumption to within a target value. 

Preferably, the display unit includes a plasma dis- 
play panel and a plasma display panel control circuit 
capable of increasing or decreasing the brightness by 
increasing or decreasing the number of sustain pulses 
applied to the plasma display panel during one frame 
period. 

Also preferably, the above control circuit includes 
an Input for setting the number of sustain pulses for the 
entire display as a display brightness value, and an 
Input for data of each pixel defining the number of sus- 
tain pulses for each pixel, the increasing or decreasing 
of the brightness is achieved by Increasing or decreas- 
ing the display brightness value and thereby increasing 
or decreasing the display fc>rightness, and the control of 
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the brightness is achieved by correcting the increasing 
or deaeasing o1 the display brightness value in accord- 
ance with the sum value of the power consumption and 
thereby controlling the display brightness. 

Alternatively, the control of the brightness may be 5 
achieved by determining a subtrahend based on the 
sum value of the power consumption, and by subtract- 
ing the subtrahend from data of all the pixels and 
thereby controlling the display brightness. 

According to an embodiment of a third aspect of the io 
present invention, there is also provided a method of 
controlling power consumption of a display unit, com- 
prising the steps of: measuring the power consumption 
of the display unit; summing differences between the 
power consumption and its target value; determining a is 
display brightness value for the display unit from the 
sum value of the power consumption; and setting the 
determined display brightness value in the display unit. 

According to an embodiment of a fourth aspect of 
the present invention, there is also provided an appara- 20 
tus for controlling power consumption of a display unit, 
comprising: means for inputtirig a measured value of 
the power consumption of the display unit; means for 
summing differences between the power consumption 
and its target value; means for determining a display 2s 
brightness value for the display unit from the sum value 
of the power consumption; and means for setting the 
determined display brightness value in the display unit. 

According to an embodiment of a fifth aspect of the 
present invention, there is also provided a display sys- 30 
tem conprising: the above-described power consump- 
tion control apparatus; a plasma display panel; a drive 
circuit for driving the plasma display panel; and a control 
apparatus for controlling the drive circuit in accordance 
with a set value supplied from the power consumption 3S 
control apparatus. 

According to an embodiment of a sixth aspect of the 
present invention, there is also provided a storage 
medium readable by a computer, the storage medium 
storing therein a program for implementing the above- 40 
described power consumption control method when 
connected to the computer. 

Reference will now be made, by way of example, to 
the accompanying drawings, in which: 

45 

Figure 1 is a block diagram showing display appara- 
tus embodying an aspect of the present invention; 
Figure 2 is a diagram showing a sub-frame struc- 
ture for achieving an intermediate gray-scale level; 
Figure 3 Is a block diagram showing power con- so 
sumption control apparatus according to a first 
embodiment of an aspect of the present invention; 
Figure 4 is a flowchart illustrating a process for 
decreasing brightness; 

Figure 5 is a flowchart illustrating a process for ss 
increasing brigfrtness; 

Figure 6 is a graph for explaining the increas- 
ing/decreasing speeds of power consumption; 



Figure 7 is a graph for explaining a problem found in 

a previously-proposed system; 

Figure 8 is a flowchart illustrating a process for the 

calculation of power consumption sum value Psumi 

Figure 9 is a flowchart illustrating a first example of 

a process for correcting the increasing/decreasing 

ofl^CBC; 

Figure 10 is a diagram for explaining the effect 
achieved by an embodiment of an aspect of the 
present invention; 

Figure 11 is a flowchart illustrating a second exam- 
ple of the process for correcting the increas- 
ing/decreasing of MCBC; 

Figure 1 2 is a flowchart illustrating a third example 
of the process for correcting the increas- 
ing/decreasing of MCBC; 

Figure 1 3 is a flowchart illustrating a fourth example 
of the process for correcting the increas- 
ing/decreasing of MCBC; 

Figure 1 4 is a block diagram of a power consump- 
tion control apparatus according to a second 
embodiment of an aspect of the present invention; 
Rgure 15 is a diagram for explaining the operation 
of the apparatus of Figure 14; 
Figure 16 is a flowchart showing a first means for 
implementing the averaging of power consumption; 
Figure 1 7 is a circuit diagram showing a second 
means for implementing the averaging of power 
consumption; 

Figure 1 8 is a flowchart illustrating a process for the 
calculation of power consumption sum value Psum 
according to a third embodiment of an aspect of the 
present invention; 

Figure 19 is a flowchart illustrating a process for the 
calculation of MCBC according to the embodimerit 
of Fig 18; 

Figure 20 is a graph illustrating a technique for cal- 
culating the value of MCBC from the value of Psum* 
Rgure 21 is a flowchart Illustrating a minuscule 
margin process; 

Figure 22 is a graph showing a power consumption 
control operation according to the embodiment of 
Fig. 18; and 

Figure 23 is a graph showing the power consump- 
tion control operation according to the erhbodiment 
of Fig. 18. 

Figure 1 shows the configuration of an AC-driven 
plasma display apparatus as an example of a display 
apparatus to which an aspect of the present invention is 
applied. 

A plasma display panel (PDP) 10 includes a large 
number of Y electrodes (scan electrodes) 12 arranged 
parallel to each other, a large number of address elec- 
trodes 14 arranged parallel to each other and intersect- 
ing at right angles to the Y electrodes 12. and an equal 
nunt>er of X electrodes (common electrodes) 16 to the 
number of Y electrodes and also arranged parallel to 
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the Y electrodes. Display cells 18 are formed where 
each address electrode 14 Intersects with the elec- 
trodes 12 and 16. 

A drive drcurt 20 for the PDP 10 comprises a Y 
scan driver 22 for driving the Y electrodes 12 Independ- s 
ently of each other, a Y driver 24 for driving at) the Y 
electrodes 12 simultaneously via the Y scan driver 22. a 
common driver 26 for driving all the X electrodes 16 
simultaneously, and an address driver 28 for controlling 
the address electrodes 14 Independently of each other. io 
The Y scan driver 22. the Y driver 24, and the common 
driver 26 are supplied with a sustain supply voltage V5. 
while the address driver 28 is supplied with an address 
supply voltage V^. 

In the AC-driven PDP, during an address period, a is 
write pulse Is selectively applied between a Y electrode 
12 and an address electrode 14 to selectively store a 
charge in each of the corresponding display cells, and 
during a sustained-discharge period following the 
address period. AC pulses (sustain pulses) are applied 20 
between ail the Y electrodes 12 and all the X electrodes 
16, and only display cells, where the charge is stored 
during the address period, are caused to illuminate. 
Accordingly, when one Y electrode 12 as a scan line is 
active, the pattern of the address electrodes 14 set 2s 
active at that time corresponds to the on/off pattern of 
the display cells along that scan line, and the length of 
the subsequent sustained-discharge period, that is. the 
nunr^er of sustain pulses, corresponds to the bright- 
ness of the illuminating display cells. 

A control circuit 30 for the PDP 10 includes a scan 
driver controller 34 for sequentially scanning the Y elec- 
trodes 12 via the scan driver 22. a display data control- 
ler 32 for supplying a display pattern on each scan line 
to the address electrodes 14 via the address driver 28 in 
synchronism with the scanning by the scan driver con- 
troller 34, and a common driver controller 36 for apply- 
ing sustain pulses between the Y electrodes 12 and X 
electrodes 1 6 via the Y driver 24 and common driver 26. 
The scan driver controller 34 and the common driver 
controller 36 together constitute a panel drive controller 
38. Display data (DATA) is input to the display data con- 
troller 32 in synchronism with a display clock (CLOCK), 
and temporarily stored in a frame memory 40. A vertical 
synchronizing signal (Vsync) ^ horizontal synchro- 
nizing signal (Hsync) ^re SLq3plied to the panel drive 
controller 38, while the number of sustain pulses and 
control codes are input to the common driver controller 
36. 

Figure 2 Is a diagram for explaining a technique for 
achieving an intermediate gray-scale level in the AC- 
driven PDP. One frame (corresponding to one picture) is 
divided, for example, into eight sub-fields. Each sub- 
field includes an address period during which a charge 
is selectively stored or not stored in each display cell In 
accordance with the display data, and a sustained*dis- 
charge period during which the display cells where the 
charge is stored are caused to illuminate. The ratio of 



the sustained -discharge periods of the sub-field 1 , sub- 
field 2 sub-field 8. that is. the ratio in terms of the 

number of sustain pulses, is set to 2^:2^ ... 2^. During 
the address period of the sub-field 1 the ratio of whose 
sustained-discharge period is 2^. charge is stored only 
on display cells for which the least significant bit 0 of 8- 
bit gray-scale data is 1 . and during the subsequent sus- 
tained-discharge period, these display cells are caused 
to illuminate. Likewise, during the address period of the 
sub-field i+1 (i = 1 to 7) the ratio of whose sustained-dis- 
charge period Is 2'. charge Is stored only on display cells 
for which bit i of the gray-scale data is 1 . and during the 
subsequent sustained-discharge period, these display 
cells are caused to illuminate. In this way, the gray scale 
of each pixel can be set in 256 levels. 

The brightness of the entire screen Is set by 
increasing or decreasing the number of sustain pulses 
in accordance with a brightness set value (hereinafter 
called MCBC). while maintaining the sustain pulse 
count ratio of each sub-field at the above-set value. The 
number of sustain pulses determined for each sub-field 
based on MCBC is supplied to the common driver con- 
troller 36. 

Rgure 3 is a block diagram showing the configura- 
tion of a power consumption control apparatus 42 
according to a first embodiment of an aspect of the 
present Invention. A Vs voltage detection circuit 44 and 
an I3 current detection circuit 46, respectively, detect 
the voltage and current of the sustain power supply 
being supplied from a Vs power source 48 to the Y scan 
driver 22, Y driver 24, and common driver 26 (Figure 1). 
A/D converters 50 and 52, respectively, convert the volt- 
ages detected by the Vg voltage detection circuit 44 and 
Is current detection circuit 46 into corresponding digital 
values. A VX voltage detection circuit 54 and an 1^ cur- 
rent detection circuit 56. respectively, detect the voltage 
and cun-ent of the address power supply being supplied 
from a power source 58 to the address driver 28 (Fig- 
ure 1). A/D converters 60 and 62. respectively, convert 
the voltages detected by the voltage detection circuit 
54 and Ia current detection circuit 56 into corresponding 
digital values. An MPU 64, based on the output values 
of the A/D converters 50. 52, 60, and 62, determines 
appropriate MCBC in accordance with the flow hereinaf- 
ter described, converts it to the number of sustain 
pulses for each sut>field, and supplies the converted 
values to the common driver controller 36 (Figure 1) to 
control the power consumption within a target value. For 
conversion from MCBC to the number of sustain pulses, 
it is desirable to use a ROM in which sustain pulse 
counts are stored in memory areas addressable by cor- 
responding MCBC values. 

Figure 4 is a flowchart illustrating the processing 
performed by the MPU 64 to determine whether the 
power consumption is greater than its upper limit value 
and to control the power consumption within a target 
value by decreasing the MCBC if the power consump- 
tion is greater than the upper limit value. The processing 
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of Figure 4 is invoked by an interrupt that occurs in syn- 
chronism with the vertical synchronizing signal Vsync* 
that is. for every frame. First, CAP is incremented by 1 
(step 1000), and it is determined whether CAP has 
reached a processing cycle n^ (step 1002). If CAP has 
reached n^. CAP is cleared to 0 (step 1004), and it is 
determined whether the average power consumption 
Pav *ias exceeded the upper limit value Pset (step 
1006). The average power consumption P^v is obtained 
by calculating power consumption Pg^ ^rom Vs, Is. Va, 
and Ia input from the respective A/D converters 50, 52, 
60, and 62. using the equation below, and by averaging 
the obtained values over several frame periods lor rea- 
sons to be explained later. 

Psa = <s^Vs + I;,xVa 

If Pav is greater than Ps^t. then it is determined whether 
the f^CBC value has reached its lower limit value (step 
1008): if it has not yet reached the lower limit value, the 
MCBC is decreased by a decrease step width m^ (step 
1010). 

In the above processing flow, the MCBC decreasing 
speed a per frame time when Pav is greater than Pset 
is m^/nv 

Figure 5 is a flowchart illustrating the processing 
performed by the MPU 64 to determine whether the 
power consumption is smaller than its lower limit value 
and to secure the necessary screen brightness and 
contrast by increasing the MCBC when the power con- 
sumption is smaller than the lower limit value. The 
processing of Figure 5 is also invoked by the interrupt 
that occurs In synchronism wHh the vertical synchroniz- 
ing signal VsynC' is, for every frame. First. CAP is 
incremented by 1 (step 1100). and It is determined 
whether CAP has reached a processing cycle ng (step 
1 102). If CAP has reached n2, CAP is cleared to 0 (step 
1 104). and it is determined whether the average power 
consumption Pav has taWen below the lower limit value 
PsET^Pi (step 1106). APi is a control margin for pre- 
venting display flicker when Pav is close to Pset- ^ Pav 
is smaller than Pset^^i- then rt is determined whether 
the MCBC value has reached its upper limit value (step 
1 108); if it has not yet reached the upper limit value, the 
MCBC is Increased by an Increase step width m2 (step 
1110). 

In the above processing flow, the MCBC Increasing 
speed b per frame time when Pav is smaller than Pset 
APi is m2/n2. 

As previously desaibed, basically a is set smaller 
than b to reduce the unnaturalness perceived by the 
viewer viewing the display when the power consumption 
control is on. Figure 6 shows how the power consump- 
tion changes when the display changes from OFF (ail 
pixel values are zero) to ALL ON (all pixels are at nnaxi- 
mum values) and then to OFF again. In the OFF state 
up to time to> MCBC is at its maximum value. When the 
state changes from OFF to ALL ON at time to. the power 



consumption reaches its maximum value: thereafter, 
MCBC is gradually lowered, and the power consump- 
tion gradually decreases until reaching the target value 
at time t^ Thereafter, when the state changes to OFF at 

5 time t2. MCBC quickly rises to its nnaximum value, and 
the power consumption also quickly rises and settles at 
a constant value. 

Figure 7 shows how the power consumption 
changes when the ALL ON/OFF change is repeated in 

10 a short cycle. As can be seen from Figure 7. when the 
MCBC decreasing speed is set slower than the MCBC 
increasing speed, there arises the problem that. In the 
case of Figure 7, the average power consumption set- 
tles at a level higher than the target value. To address 

IS this problem, in the first embodiment of the present 
invention, differences between the power consumption 
and its target value are summed, and. based on the 
sum value, correction Is made to the increase/decrease 
of MCBC. 

20 Figure 8 shows a flow for the calculation of the sum 
. value P^um representing the sum of the differences 
between the power consumption and its target value. In 
Figure 8, the processing flow is invoked by the Vsync 
interrupt, and (Psa - Pset) 'S added to Pgum (step 1200). 

25 Figure 9 show a first exanple of MCBC 
increase/decrease con-ection based on Psum- Process- 
ing from step 1306 onward Is repeated for every 
frame, as In the previously described processing. First, 
it is determined whether Pgu^ is positive or not (step 

30 1306). If Psum positive, It Is determined whether the 
average power consumption Pav exceeded the target 
value Pset the previous processing (step 1308). and 
if Pav > Pset i'^ previous processing, then it Is deter- 
mined whether Pav is greater than Pset i" the current 

35 processing (step 1310); if Pav > Pset. current MCBC 
value is stored in memory MR (step 1312). On the other 
hand, if, in step 1308, Pav < Pset ir> the previous 
processing, it is determined whether Pav is greater than 
PsET+APa i" the curent processing (step 1314). If Pav 

40 > PsET+APa. the value stored in memory MR is taken as 
the MCBC value (step 1316). 

That is, in the processing of Figure 9, if P^^m > 0. 
and if Pav is greater than Pset two times in succession, 
then the current MCBC value is stored In the memory. 

45 Further, if P3um > 0* i^ Pav has increased from a 
level lower than Pset to a level substantially greater 
than PsET> then the value stored in the memory Is taken 
as the MCBC value. Here APg is a control margin for 
preventing display flicker. 

so In the first example of MCBC Increase/decrease 
correction shown In Figure 9, when P^um > 0» 

the MCBC 

value when Pav > Pset. ^or exanrple. during the ALL ON 
period, is stored in the memory, the value stored in the 
memory then being updated as the MCBC gradually 
65 decreases; during the next OFF period, for example, if 
Pav < Pset* ^® ^ii^i value in the ALL ON period is 
retained in the memory, and when the state changes 
again to ALL ON, the final value retained in the memory 
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is used as the MCBC value. Accordingly, e/en when the 
ALL ON/OFF change is repeated in a short cycle, con- 
trol is achieved so that the power consumption during 
the ALL ON period gradually approaches the target 
value, as shown in Figure 10. Instead of using the mem- 
ory-retained value as the MCBC value, a value obtained 
by subtracting a constant not smaller than 1 from the 
memory-retained value may be used as the MCBC 
value. 

Figure 11 is a flowchart showing a second example 
of MCBC increase/decrease correction based on P^um- 
In the flow of Figure 11 , it is determined whether Pgu^ 
has exceeded a predetermined value a (step 1400). 
and if Psum > ct. a sufficiently low fixed value is set as the 
MCBC (step 1402). That is. the value of a serves as an 
upper limit on the sum value Peum that adds up excess 
power values; if this upper limit is exceeded, then the 
value is determined to be abnormal, and the MCBC is 
fixed to a low value, regardless of the display brightness 
value, to protect the power supplies, etc. and to recover 
the power by an amount proportional to the excess 
value and thereby control the power within the set value. 

Regarding the decreasing speed a (= m^/n i) in 
the processing (Figure 1) in which the MCBC is 
decreased when the power consumption exceeds the 
set value, it can be seen that the slower the decreasing 
speed a is, the more slowly the brightness and contrast 
decrease and the less the unnaturalness that the viewer 
viewing the display perceives, but the slow decreasing 
speed is disadvantageous from the viewpoint of sup- 
pressing power consumption. Conversely, as the 
decreasing speed a increases, the response to exces- 
sive power consumption becomes faster, but the unnat- 
uralness increases. To address this problem, in a third 
example of MCBC increase/decrease correction based 
on Psum according to the present invention, the range of 
values of Pgum ^ ■'om the positive to the negative side is 
divided, for exanple, into eight levels, and the decreas- 
ing speed is changed according to the value of Pgum so 
that when the value of Peum large in the positive 
sense, priority is given to power control and the value of 
a is increased, and when the value of Peum is large in 
the negative sense, priority is given to picture quality 
and the value of a Is reduced, as shown in Figure 12. 

Next, when we look at the increasing speed 
(=s nrig/ng) in the processing (Figure 5) in which the 
MCBC is increased when the power consumption is suf- 
ficiently low to permit it. we can see that, contrary to the 
case of decreasing MCBC. a higher increasing speed b 
and. hence, a faster change of brightness and contrast, 
is advantageous in reducing the unnaturalness per- 
ceived by the viewer viewing the display; therefore, 
when the power consumption is sufficiently low. increas- 
ing the increasing speed gives better results. Con- 
versely, if the increasing speed b is reduced, the 
unnaturalness increases, but reduced inaeasing speed 
is advantageous when there is no room for increasing 
the power consumption. In view of this, in a fourth exam- 



ple of MCBC increase/deaease correction l>ased on 
Peum according to the present invention, the range of 
values of Pgum ^^om the positive to the negative side is 
divided, for example, into eight levels, and the increas- 

5 ing speed is changed according to the value of Psum so 
that when the value of P^um is large in the negative 
sense, priority is given to picture quality and the value of 
b is increased, and when the value of Psum 'S large in 
the positive sense, priority is given to power control and 

10 the value of b is reduced, as shown in Figure 13. 

Figure 14 shows the configuration of a power con- 
sumption control apparatus 42 according to a second 
embodiment of an aspect of the present invention. As in 
the first embodiment, in the second embodiment also. 

75 the MPU 64 performs control to increase or decrease 
the MCBC in accordance with the flows of Figures 4 and 
5. Subtractors 70 subtract the subtrahend given by the 
MPU 64 from Rq to Ry. Gq to G7. and Bq to By which are 
data to be supplied to the display data controller 32. and 

20 supplies the resulting values to the display data control- 
ler 32. The subtrahend is determined according to the 
value of Psum* as shown in Figure 15. When the subtra- 
hend for the display data is changed, the number of sus- 
tain pulses for the entire screen changes, so that the 

25 average power consumption can be prevented from 
exceeding the set value. 

Lastly, we will describe the purpose of using P^^y 
obtained by averaging Psa over several frame periods 
rather than directly using Psa calculated from voltage 

30 and current values, and how this can be accomplished. 
When increasing or decreasing the MCBC by cal- 
culating Psa for every n frames (n is an integer), if an 
image is displayed that turns ON and OFF in a cycle of 
n frame times, there arises the case where the MCBC is 

35 always controlled on the tasis of Pqa in the OFF state, 
causing the average power consumption to exceed its 
target value. To address this problem, n successive val- 
ues of Psa are averaged, and the resulting average 
value Pav is used instead of Psa* 

40 Figure 16 is a flowchart illustrating the processing 
for computing Pav by averaging Psa. which is inple- 
mented by software of the MPU 64. In Figure 16, when 
GAP has reached n. CAP, Pav the quotient, and the 
remainder are cleared (step 1502), and the process 

45 returns to the branch leading to step 1506. If CAP has 
not yet reached n, 1 is added to CAP (step 1504). Psa 
is read (step 1506), and the remainder from the previ- 
ous processing is read (step 1508) and added to Psa 
(step 1510). Psa is divided by n to obtain the quotient 

50 and the remainder (step 1512), and the quotient is 
added to Pav (step 1514). If CAP is equal to n in step 
1516, then Pav is determined (step 1518). 

Figure 17 shows a configuration for implementing 
the averaging of Psa in hardware. In Figure 1 7, the MPU 

55 64 outputs Psa which is input to a delay circuit consist- 
ing of a resistor 72 and a capacitor 74. The MPU 64 
then takes the output of this circuit as Pav 

Figures 18 and 19 illustrate the processing per- 
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formed by the MPU in a power consumption control 
apparatus according to a third embodiment of an aspect 
of the present invention. The hardware configuration of 
the third embodiment is the same as that of the first 
embodiment shown in Figure 3. s 

The emtxxliments so far described have ennployed 
the technique in which the average power consumption 
is controlled to within the target value by increasing or 
decreasing the display brightness set value MCBC in 
accordance with an instantaneous value of power con- io 
sumption and further by correcting the Increasing or 
decreasing of MCBC or reducing pixel data in accord- 
ance with the sum value of the power consumption. In 
contrast, in a third embodiment of an aspect of the 
present invention, the average power consumption is is 
controlled to within the target value by determining the 
MCBC directly from the sum value of the power con- 
sumption. 

Figure 18 illustrates the processing performed by 
the MPU 64 for the calculation of the sum value Psum 
according to the third embodiment of an aspect of the 
present invention. In Figure 18, the sum value Psum 
calculated (step 1600) in the same manner as in step 
1200 in Figure 8, and if the sum value Psum exceeds its 
maximum value Psum.max (step 1602), Psum.max is 25 
substituted for Psum- ^ sum value Psum is less than 
its minimum value Psum.min (where Psum.min < 0) (step 
1606), Psum.min is substituted for Psum- 

Figure 19 illustrates the process for determining the 
MCBC according to the embodiment of Fig. 18. First, it 3o 
is determined whether the sum value Psum 'S positive or 
negative (step 1 700). If Psum 'S negative, the brightness 
set value MCBC is set to its maxinrujm value MCBC^ax 
(step 1702) . If Psum is positive, the value calculated by 
the equation 

MCBC^^ax "Psum ^ ^^^^ max^^ sum.max 

is set as the MCBC (step 1704). 

Figure 20 shows the relationship between the sum 
value Psum and the brightness set value MCBC deter- 
mined in steps 1702 and 1704. As shown in Figure 20, 
when the sum value Psum is negative. MCBC is set to 
its maximum value MCBC^ax* and when Psum is posi- 
tive, the value of MCBC linearly decreases with inaeas- 
ing Psum Here, as shown by dashed line in Figure 20, 
the threshold of Psum a* which the value of MCBC 
begins to decrease from its maximum value need not 
necessarily be set at 0. 

In the embodiment of Rg. 18. since the brightness 
set value MCBC is determined directly from the sum 
value Psum. i* t^e values of Vs, Is. V^, and 1a are near 
the A/D conversion threshold values of the A/D convert- 
ers 50, 52, 60, and 62 (Figure 3) a situation can occur 
where wandering of digital values is directly reflected in 
the value of MCBC, causing image flicker. To prevent 
this, a minuscule margin process is executed after the 
MCBC has been calculated from the sum value Psum- 



Figure 21 shows the detail of the minuscule margin 
process executed in step 1706 in Figure 19. 

Figure 21 concerns the case where the value of 
MCBC calculated from Psum changes from decreasing 
to inaeasing. When the calculated MCBC is decreas- 
ing, since, in step 18(X). MCBCp retaining the previous 
value of MCBC is larger than the current value of 
MCBC. the process proceeds to step 1802 where 
MCBC is substituted for MCBCp and after that, 0 is 
stored in flag MSTART. That is, when MCBC is decreas- 
ing, the calculated value of MCBC is directly used as the 
MCBC, and the flag MSTART is cleared to 0. 

When the calculated value of MCBC changes from 
decreasing to increasing, since MCBCp < MCBC in step 
1800, the process proceeds to step 1806 where K is 
determined whether the value of the flag MSTART is 0 
or not. Since MSTART is 0 immediately after the change 
from decreasing to increasing, the process proceeds to 
step 1808 where the value of Psum 's substituted for 
PsuM.F retaining the current value of Psum* after that, 
the flag MSTART is set to 1 (step 1810). and MCBCp 
retaining the previous value of MCBC. is sut>stituted for 
the MCBC (step 1812). That is. immediately after the 
value calculated from Psum has changed from decreas- 
ing to increasing, the MCBC is not updated, and the cur- 
rent value of Psum is stored as Psum.p while setting the 
flag MSTART to 1. 

When the calculated value continues to inaease. 
since MSTART is 1 , the process proceeds to step 1814 
after steps 1800 and 1806. In step 1814. the value of 
(PsuM.F " Psum) is compared with a predetermined mar- 
Qin PsuM.MG- va^ua ^ (Psum.f ' Psum) indicates 
how much the Psum ^s decreased from the value of 
Psum stored as Psum.f when the calculated value of 
MCBC changed from decreasing to Increasing (from 
Figure 20, the increase in MCBC corresponds to the 
decrease in Psum)- value of (Psum.f - Psum) is 
smaller than the margin Psum.mg* i^ is determined that 
the change is minuscule, and the process proceeds to 
step 1812 where the MCBC Is not updated. If the value 
o^ (PsuM.F ■ Psum) is equal to or larger than the margin 
PsuM.MG. i^ is determined that the change is significant, 
and the process proceeds to step 1802 where the 
MCBC is updated. 

With the above minuscule margin process. Image 
flicker when the measured value is near the A/D conver- 
sion threshold value can be prevented. 

Figure 22 shows the power consumption control 
operation according to the emkx)diment of Fig. 18. It is 
assumed here that the display ratio (representing the 
percentage of ON pixels) immediately after power on at 
time to is at 100% (ALL ON) as shown in part (a). At this 
time, the sum value Psum increases from 0. as shown 
part (b). but since MCBC decreases with increasing 
PsuM> instantaneous power consumption Psa 
decreases as shown in part (c), and accordingly the ris- 
ing curve of the sum value Psum gradually trails off. The 
felling curve of the instantaneous power Psa also grad- 
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uaily trails off until finally settling at the target power 

PsEi 

When the display is extinguished at time t^ with the 
display ratio dropping to 0%, and the extinguished state 
continues for a sufficient period of time, the sum value s 
PsuM drops to its minimum value Psum.min- When the 
display ratio becomes 100% at time t2, the sum value 
PsuM begins to increase from Psum.min* during the 
period when the sum value Psum *^ negative, MCBC is 
maintained at its maximum value. As a result, as shown w 
In part (c). the power consumption Pg^ during that 
period is maintained above the target value Pset to P^o- 
vide a screen brightness that matches the display ratio. 
In the meantime, the sum value Psum increases linearly. 
When the sum value Psum becomes positive, the is 
instantaneous power Psa begins to decrease, its curve 
gradually sloping off and finally settling at Pset* as 
already noted. 

In this way, in the third embodiment of an aspect of 
the present Invention, the speed with which the bright- 20 
ness is reduced based on the power consumption con- 
trol is fast when the screen is bright, and decreases 
gradually as the screen becomes darK as shown in Fig- 
ure 22(c). Because of the characteristics of the human 
eye, when the screen is bright, the brightness change is 2s 
not noticeable even if the brightness decreasing speed 
is fast, but when the screen is relatively dark, the bright- 
ness change becomes visible if the brightness decreas- 
ing speed is fast. Thus the above-described technique 
offers the advantage that the degradation in image qual- 30 
ity due to power consumption control is not relatively 
noticeable, compared with a previously-proposed tech- 
nique in which the brightness is reduced at a constant 
speed when the instantaneous power has exceeded a 
target value (as shown by semi-dashed lines in Figure 35 
22(c)). 

Further, when the sum value of the power con* 
sumption Is sufficiently |ow, as in the period from time X2 
to time ts, sufficient brightness commensurate with the 
display ratio can be obtained. Accordingly, in the case of 40 
an image, such as a moving image, that entails rapid 
changes in display ratio, the degradation In Image qual- 
ity due to power consumption control is not noticeable. 
More specifically, when the display ratio changes as 
shown schematically in part (a) of Figure 23. for exam- 45 
pie, in the prior art the brightness is controlled so that 
the instantaneous power is brought to its target value 
Pset when It Increases above Pset* shown In part 
(b), while in the third en^odiment of an aspect of the 
present invention, the brightness that matches the 50 
change of the display ratio as close as possible can be 
achieved as shown in part (c). 

The program Implementing the processing flows of 
the MPU 64 thus far described is stored In a ROM (not 
shown) built Into the MPU. but it is also possible to store ss 
the program in a separate storage medium such as a 
ROM and provide the program only. 

As described above, according to embodiments of 
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different aspects of the present invention, since the 
number of sustain pulses or the display data is control- 
led t>ased on the sum value Pgum that adds up excess 
power consumption values, the average value of power 
consurrption does not. exceed the set value regardless 
of the type of image pattern displayed, thus achieving 
optimum control of the number of sustain pulses or the 
display data considering picture quality. 

Claims 

1. A method of controlling power consumption of a 
display unit, comprising the steps of: 

measuring the power consumption of the dis- 
play unit; 

increasing display brightness of the display unit 
at a first speed, or decreasing the display 
brightness at a second speed different from the 
first speed, In accordance with the measured 
value of the power consumption; 
summing the power consumption; and 
controlling the display brightness in accord- 
ance with the sum value of the power con- 
sumption and thereby controlling the power 
consumption to within a target value. 

2. A method according to claim 1 . wherein the display 
unit includes a plasma display panel and a plasma 
display panel control circuit capable of increasing or 
decreasing the brightness by increasing or 
decreasing the number of sustain pulses applied to 
the plasma display panel during one frame period. 

3. A method according to claim 2. wherein the control 
circuit includes an input for setting the number of 
sustain pulses for the entire display as a display 
brightness value, and an Input for data of each pixel 
defining the number of sustain pulses for each 
pixel. 

the step of increasing or decreasing the bright- 
ness includes the step of increasing or 
decreasing the display brightness value and 
thereby increasing or decreasing the display 
brightness, and 

the step of controlling the brightness includes 
the step of correcting the increasing or 
decreasing of the display brightness value in 
accordance with the sum value of the power 
consumption and thereby controlling the dis- 
play brightness. 

4. A method according to claim 3, wherein the step of 
summing the power consumption includes the step 
of summing differences between the power con- 
sumption and its target value, and 



8 



15 



EP0 841 652 A1 



16 



the step of increasing or deaeasing the bright- 
ness includes the step of increasing or 
decreasing the display brightness value and 
thereby increasing or decreasing the display 
5 brightness, and 

the step of controlling the brightness includes 
the step of determining a subtrahend based on 
the sum value of the power consumption and 
subtracting the subtrahend from data of all pix- 
10 els thereby controlling the display brightness. 

9. A method according to claim 8, v^herein the step of 
summing the power consumption includes the step 
of summing differences between the power con- 
is sumption and its target value, and 



the step of correcting the increasing/decreas- 
ing of the brightness value includes the steps 
of: 

storing the brightness value when the sum 
value of the differences is greater than a pre- 
scribed value and when the power consump- 
tion is substantially greater than the target 

value; and 

setting the brightness value to a value deter- 
mined based on the stored brightness value 
when the sum value of the differences is 
greater than the prescribed value and when the 
power consumption has increased from a level 
lower than the target value to a level substan- 
tially greater than the target value. 

5. A method according to claim 3. wherein the step of 
summing the power consumption includes the step 
of summing differences between the power con- 
sumption and its target value, and 20 



the step of deternriining the subtrahend 
includes the step of determining the subtra- 
hend based on the sum value of the differ- 
ences. 



the step of correcting the increasing/decreas- 
ing of the brightness value Includes the step of 
fixing the brightness value to a designated 
value when the sum value of the differences is 25 
greater than a prescribed value. 

6. A method according to daim 3. wherein the step of 
summing the power consumption includes the step 

of summing differences between the power con- 30 
sumption and its target value, and 

the step of correcting the increasing/decreas- 
ing of the brightness value Includes the step of 
changing the speed at which the brightness 3S 
value is decreased in the step of increasing or 
deaeasing the brightness value, in accordance 
with the sum value of the differences. 

7. A method according to daim 3, wherein the step of 40 
summing the power consumption includes the step 

of summing differences between the power con- 
sumption and its target value, and 

the step of correcting the Increasing/decreas- 4S 
ing of the brightness value includes the step of 
changing the speed at which the brightness 
value is increased in the step of increasing or 
decreasing the brightness value, in accordance 
with the sum value of the differences. so 

8. A method according to claim 2. wherein the control 
circuit Indudes an input for setting the number of 
sustain pulses for the entire display as a display 
brightness value, and an input for data of each pixel ss 
defining the number of sustain pulses for each 
pixel. 



10. A method according to claim 2, wherein the display 
unit further includes a first driver for driving address 
electrodes of the plasma display panel and a sec- 
ond driver for driving scan electrodes and common 
electrodes of the plasma display panel, and 

the step of measuring the power consumption 
includes the steps of: 

measuring power consumed in the first driver; 
measuring power consumed In the second 
driver; and 

computing the power consumption of the dis- 
play unit by adding the power consumption of 
the first driver to the power consumption of the 
second driver. 

11. A method aocorcGng to daim 1. wherein when the 
step of increasing or decreasing the brightness is 
carried out for every n frames, where n is an integer, 
the step of increasing or decreasing the brightness 
includes the steps of: 

averaging the power consumption over n suc- 
cessive frames; and 

increasing or decreasing the brightness in 
accordance with the averaged power con- 
sumption. 

12. An apparatus for controlling power consumption of 
a display unit, comprising: 

means for inputting a measured value of the 
power consumption of the display unit; 
means for increasing display brightness of the 
display unit at a first speed, or decreasing the 
display brightness at a second speed different 
from the first speed, in accordance with the 
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measured value of the power consumption: 
means for summing the power consumption; 
and 

means for controlling the display brightness in 
accordance with the sum value of the power s 
consumption and thereby controlling the power 
consumption to within a target value. 

13. An apparatus according to claim 12. wherein the 
display unit includes a plasma display panel and a io 
plasma display panel control circuit capable of 
increasing or decreasing the brightness by increas- 
ing or decreasing the number of sustain pulses 
applied to the plasma display panel during one 
frame period. is 

14. An apparatus according to claim 13. wherein the 
control drcurt includes an input for setting the 
number of sustain pulses for the entire display as a 
display brightness value, and an input for data of 20 
each pixel defining the number of sustain pulses for 
each pixel. 

the means for inaeasing or decreasing the 
brightness includes means for increasing or 25 
decreasing the display brightness value and 
thereby increasing or deaeasing the display 
brightness, and 

the means for controlling the brightness 
includes means for correcting the inaeasing or 30 
decreasing of the display brightness value in 
accordance with the sum value of the power 
consumption and thereby controlling the dis- 
play brightness. 

35 

15. An apparatus according to claim 14, wherein the 
means for summing the power consumption 
includes means for summing differences between 
the power consumption and its target value, and 

40 

the means for correcting the increas- 
ing/decreasing of the brightness value 
includes: 

means for storing the brightness value when 
the sum value of the differences is greater than 45 
a prescribed value and when the power con- 
sumption is substantially greater than the tar- 
get value; and 

means for setting the brightness value to a 
value determined based on the stored bright- so 
ness value when the sum value of the differ- 
ences is greater than the prescribed value and 
when the power consumption has increased 
from a level lower than the target value to a 
level substantially greater than the target value, ss 

16. An apparatus according to claim 14. wherein the 
means for summing the power consunption 



includes means for summing differences between 
the power consumption and its target value, and 

the means for correcting the increas- 
ing/decreasing of the brightness value includes 
means for fixing the brightness value to a des- 
ignated value when the sum value of the differ- 
ences is greater than a prescribed value. 

17. An apparatus according to claim 14. wherein the 
means for summing the power consumption 
includes means for summing differences between 
the power consumption and its target value, and 

the means for correcting the increas- 
ing/deaeasing of the brightness value includes 
means for changing the speed at which the 
brightness value is decreased by the means for 
increasing or decreasing the brightness value, 
in accordance with the sum value of the differ- 
ences. 

18. An apparatus according to claim 14, wherein the 
means for summing the power consumption 
includes means for summing differences between 
the power consumption and its target value, and 

the means for correcting the increas- 
ing/decreasing of the brightness value includes 
means for changing the speed at which the 
brightness value is Increased by the means for 
increasing or decreasing the brightness value, 
in accordance with the sum value of the differ- 
ences. 

19. An apparatus according to claim 13, wherein the 
control circuit includes an input for setting the 
number of sustain pulses for the entire display as a 
display brightness value, and an input for data of 
each pixel defining the number of sustain pulses for 
each pixel. 

the means for increasing or decreasing the 
brightness includes means for increasing or 
decreasing the display brightness value and 
thereby increasing or decreasing the display 
brightness, and 

the means for controlling the brightness 
includes means for detemnining a subtrahend 
based on the sum value of the power consump- 
tion, and means for subtracting the subtrahend 
from data of all pixels and thereby controlling 
the display brightness. 

20. An apparatus according to claim 19, wherein the 
means for summing the power consumption 
includes means for summing differences between 
the power consumption and its target value, and 
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the means tor determining the subtrahend 
includes means tor determining the subtrahend 
based on the sum value of the differences. 

21. An apparatus according to claim 13. wherein the s 
display unit further includes a first driver for driving 
address electrodes of the plasma display panel and 

a second driver tor driving scan electrodes and 
common electrodes of the plasma display panel, 
and 10 

the means for measuring the power consump- 
tion includes: 

means for measuring power consumed in the 
first driver; is 
means tor measuring power consumed in the 
second driver; and 

means for computing the power consumption 
of the display unit by adding the power con- 
sumption of the first driver to the power oon- 20 
sumption of the second driver. 

22. An apparatus according to claim 12, wherein when 
the means for increasing or decreasing the bright- 
ness is activated for every n frames, where n is an 25 
integer, the means tor increasing or decreasing the 
brightness includes: 

means for averaging the power consumption 
over n successive frames; and 30 
means for increasing or decreasing the bright- 
ness in accordance with the averaged power 
consumption. 

23. A method of controlling power consumption of a 35 
display unit, comprising the steps of: 

measuring the power consumption of the dis- 
play unit; 

summing differences between the power con- 40 
sumption and its target value; 
determining a display brightness value for the 
display unit from the sum value of the power 
consumption; and 

setting the determined display brightness value 45 
in the display unit. 

24. A method according to claim 23, wherein in the step 
of determining the brightness value, the brightness 
value is determined such that the brightness value so 
is held constant when the sum value of the power 
consumption is less than a presaibed threshold 
value, and decreases monotonically with increasing 
sum value when the sum value is greater than the 
prescribed threshold value. ss 

25. A method according to claim 24. wherein in the step 
of determining the brightness value, the brightness 



value is determined such that when the sum value 
of the power consumption Is greater than the pre- 
scribed threshold value, the brightness value 
decreases lineariy with increasing sum value. 

26. A method according to claim 24. wherein in the step 
of summing, when the sum value is less than a pre- 
scribed lower limit value, the sum value is set at the 
lower limit value. 

27. A method according to claim 24. wherein in the step 
of determining the brightness value, when the value 
determined from the sunri value is increasing or 
decreasing, if an amount of increase or decrease of 
the sum value is smaller than a prescribed margin 
when conrpared with the sum value determined at 
the beginning of the Inaease or deaease. the 
brightness value is not updated but held at the pre- 
viously determined value. 

28. An apparatus for controlling power consumption of 
a display unit, comprising: 

means for inputting a measured value of the 
power consumption of the display unit; 
means for summing differences between the 
power consunption and Its target value; 
means for determining a display brightness 
value for the display unit from the sum value of 
the power consumption; and 
means for setting the determined display 
brightness value in the display unit 

29. An apparatus according to daim 28. wherein the 
brightness value determining means determines 
the brightness value such that the brightness value 
is held constant when the sum value of the power 
consumption Is less than a prescribed threshold 
value, and decreases monotonically with Increasing 
sum value when the sum value is greater than the 
presaibed threshold value. 

30. An apparatus according to claim 29, wherein the 
brightness value determining means determines 
the brightness value such that when the sum value 
of the power consumption is greater than the pre- 
scribed threshold value, the brightness value 
decreases lineariy with increasing sum value. 

31. An apparatus according to dalm 29, wherein the 
summing means, when the sum value is less than a 
prescribed lower limit value, sets the sum value at 
the lower limit value. 

32. An apparatus according to daim 29, wherein the 
brightness value determining means determines 
the brightness value such that when the value 
determined from the sum value is increasing or 
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decreasing. H an anrK)unt of increase or deaease of 
the sum value is smaller than a prescribed margin 
when compared with the sum value determined at 
the beginning of the increase or decrease, the 
brightness value is not updated txit held at the pre- 
viously determined value. 

33. A display system comprising: 

an apparatus for controlling power consump- 
tion of a display unit, including means for input- 
ting a measured value of the power 
consunption of the display unit, means for 
increasing display brightness of the display unit 
at a first speed, or decreasing the display 
brightness at a second speed different from the 
first speed, in accordance with the measured 
value of the power consumption, means for 
summing the power consumption, and means 
for controlling the display brightness in accord- 
ance with the sum value of the power con- 
sumption and thereby controlling the power 
consumption to within a target value; 
a plasma display panel; 

a drive circuit for driving the plasma display 
panel; and 

a control apparatus for controlling the drive cir- 
cuit in accordance with a set value supplied 
from the power consumption control apparatus. 

34. A system according to claim 33, wherein the display 
unit includes a plasma display panel and a plasma 
display panel control circuit capable of increasing or 
decreasing the brightness by increasing or 
decreasing the number of sustain pulses applied to 
the plasma display panel during one frame period. 

35. A system according to claim 34. wherein the control 
circuit includes an input for setting the number of 
sustain pulses for the entire display as a display 
brightness value, and an input for data of each pixel 
defining the number of sustain pulses for each 
pixel. 

the means for increasing or deaeasing the 
brightness includes means for increasing or 
decreasing the display brightness value and 
thereby increasing or decreasing the display 
brightness, and 

the means for controlling the brightness 
includes means for correcting the increasing or 
decreasing of the display brightness value in 
accordance with the sum value of the power 
consunption and thereby controlling the dis- 
play brightness. 

36. A system according to claim 35, wherein the means 
for summing the power consunrption includes 



means for summing differences between the power 
consumption and its target value, and 

the means for correcting the increas- 
5 ing/deaeasing of the brightness value 

includes: 

means for storing the brightness value when 
the sum value of the differences is greater than 
a prescribed value and when the power con- 
70 sumption is substantially greater than the tar- 

get value; and 

means for setting the brightness value to a 
value determined based on the stored bright- 
ness value when the sum value of the differ- 
IS ences is greater than the prescribed value and 

when the power consumption has increased 
from a level lower than the target value to a 
level substantially greater than the target value. 

20 37. A system according to claim 35, wherein the means 
for summing the power consumption includes 
means for summing differences between the power 
consumption and its target value, and 

25 the means for correcting the increas- 

ing/decreasing of the brightness value includes 
means for fixing the brightness value to a des- 
ignated value when the sum value of the differ- 
ences is greater than a prescribed value. 

30 

38. A system according to claim 35, wherein the means 
for summing the power consumption includes 
means for summing differences between the power 
consumption and its target value, and 

35 

the means for correcting the increas- 
ing/deaeasing of the brightness value includes 
means for changing the speed at which the 
brightness value is decreased by the means for 
<o increasing or decreasing the brightness value, 

in accordance with the sum value of the differ- 
ences. 

39. A system according to claim 35, wherein the means 
45 for summing the power consumption includes 

means for summing differences between the power 
consumption and its target value, and 

the means for correcting the increas- 
50 ing/decreasing of the brightness value includes 

means for changing the speed at which the 
brightness value is increased by the means for 
increasing or decreasing the brightness value, 
in accordance with the sum value of the differ- 
55 ences. 

40. A system according to claim 34. wherein the control 
circuit includes an input for setting the number of 
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sustain putses for the entire display as a display 
brightness value, and an input for data of each pixel 
defining the number of sustain pulses for each 
pixel. 

5 

the means for increasing or decreasing the 
brightness includes means for increasing or 
decreasing the display brightness value and 
thereby increasing or deaeasing the display 
brightness, and io 
the means for controlling the brightness 
includes means for determining a subtrahend 
based on the sum value of the power consump- 
tion, and means for subtracting the subtrahend 
from data of all pixels and thereby controlling is 
the display brightness. 

41 . A system according to claim 40. wherein the means 
for summing the power consumption includes 
means for summing differences between the power 20 
consumption and its target value, and 

the means for determining the subtrahend 
includes means for determining the subtrahend 
based on the sum value of the differences. 25 

42. A system according to claim 34, wherein the display 
unit further includes a first driver for driving address 
electrodes of the plasma display panel and a sec- 
ond driver for driving scan electrodes and common 30 
electrodes of the plasma display panel. arxJ 



43. A system according to claim 33, wherein when the 
means for increasing or decreasing the brightness 45 
is activated for every n frames, where n is an inte- 
ger, the means for increasing or decreasing the 
brightness includes: 

means for averaging the power consumption so 
over n successive frames; and 
means for increasing or decreasing the bright- 
ness in accordance with the averaged power 
consumption. 

55 

44. A display system comprising: 

an apparatus for controlling power consump- 



tion of a display unit, which includes means for 
inputting a measured value of the power con- 
sumption of the display unit, means for sum- 
ming differences between the power 
consumption and its target value, means for 
determining a display brightness value for the 
display unit from the sum value of the power 
consumption, and means for setting the deter- 
mined display brightness value in the display 
unit; 

a plasma display panel; 

a drive circuit for driving the plasma display 

panel; and 

a control apparatus for controlling the drive cir- 
cuit in accordance with a set value supplied 
from the power consumption control apparatus. 

45. A system according to claim 44. wherein the bright- 
ness value determining means determines the 
brightness value such that the brightness value is 
held constant when the sum value of the power 
consunption is less than a prescribed threshold 
value, and decreases monotonically with increasing 
sum value when the sum value is greater than the 
presaibed threshold value. 

46. A system according to claim 45. wherein the bright- 
ness value determining means determines the 
brightness value such that when the sum value of 
the power consumption is greater than the pre- 
scribed threshold value, the brightness value 
decreases linearly with increasing sum value. 

47. A system according to claim 45. wherein the sum- 
ming means, when the sum value is less than a pre- 
scribed lower limit value, sets the sum value at the 
lower limit value. 

48. A system according to daim 45. wherein the bright- 
ness value determining means determines the 
brightness value such that when the value deter- 
mined from the sum value is increasing or decreas- 
ing, if an amount of increase or decrease of the sum 
value is smaller than a prescribed margin when 
compared with the sum value determined at the 
beginning of the increase or decrease, the bright- 
ness value is not updated but held at the previously 
determined value. 

49. A storage medium readable by a machine, tangibly 
embodying a program of instructions executable by 
the machine to perform method steps for controlling 
power consunption of a display unit, said method 
steps comprising: 

measuring the power consumption of the dis- 
play unit; 

increasing display brightness of the display unit 



the means for measuring the power consump- 
tion includes: 

means for measuring power consumed in the 35 
first driver; 

means for measuring power consumed in the 
second driver; and 

means for computing the power consumption 
of the display unit by adding the power con- 40 
sumption of the first driver to the power con- 
sumption of the second driver. 
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at a first speed, or decreasing the display 
brightness at a second speed different from the 
first speed, in accordance with the measured 
value of the power consumption; 
summing the power consumption; and s 
controlling the display brightness in accord- 
ance with the sum value of the power con- 
sumption and thereby controlling the power 
consumption to within a target value. 

10 

50. A storage medium according to claim 49. wherein 
the display unit includes a plasma display panel and 
a plasma display panel control circuit capable of 
increasing or deaeasing the brightness by increas- 
ing or decreasing the number of sustain pulses is 
applied to the plasma display panel during one 
frame period. 

51. A storage medium according to claim 50. wherein 

the control circuit includes an input for setting the 20 
number of sustain pulses for the entire display as a 
display brightness value, and an input for data of 
each pixel defining the number of sustain pulses for 
each pixel. 

25 

the step of increasing or decreasing the bright- 
ness includes the step of increasing or 
decreasing the display brightness value and 
thereby increasing or decreasing the display 
brightness, and 30 
the step of controlling, the brightness includes 
the step of conecting the increasing or 
deaeasing of the display brightness value in 
accordance with the sum value of the power 
consumption and thereby controlling the dis- 3S 
play brightness. 

52. A storage medium according to claim 51, wherein 
the step of summing the power consumption 
Includes the step of summing differences between 40 
the power consumption and its target value» and 

the step of correcting the increasing/decreas- 
ing of the brightness value includes the steps 

of: 45 

storing the brightness value when the sum 
value of the differences is greater than a pre- 
saibed value and when the power consump- 
tion is substantially greater than the target 
value; and so 
setting the brightness value to a value deter- 
mined based on the stored brightness value 
when the sum value of the differences is 
greater than the prescribed value and when the 
power consumption has increased from a level ss 
lower than the target value to a level substan- 
tially greater than the target value. 



53. A storage medium according to claim 51. wherein 
the step of summing the power consumption 
includes the step of summing differences between 
the power consumption and its target value, and 

the step of correcting the increasing/decreas- 
ing of the brightness value includes the step of 
fixing the brightness value to a designated 
value when the sum value of the differences is 
greater than a prescribed value. 

54. A storage medium according to claim 51. wherein 
the step of summing the power consumption 
includes the step of summing differences between 
the power consumption and its target value, and 

the step of correcting the Increasing/decreas- 
ing of the brightness value includes the step of 
changing the speed at which the brightness 
value is deaeased in the step of increasing or 
decreasing the brightness value, in accordance 
with the sum value of the differences. 

55. A storage medium according to clairh 51. wherein 
the step of summing the power consumption 
includes the step of summing differences between 
the power consumption arKl its target value, and 

the step of correcting the increasing/decreas- 
ing of the brightness value includes the step of 
changing the speed at which the brightness 
value is increased in the step of increasing or 
decreasing the brightness value, in accordance 
with the sum value of the differences. 

56. A storage medium according to claim 50. wherein 
the control circuit includes an input for setting the 
number of sustain pulses for the entire display as a 
display brightness value, and an input for data of 
each pixel defining the number of sustain pulses for 
each pixel. 

the step of increasing or decreasing the bright- 
ness includes the step of increasing or 
decreasing the display brightness value and 
thereby increasing or decreasing the display 
brightness, and 

the step of controlling the brightness includes 
the step of determining a subtrahend based on 
the sum value of the power consumption and 
subtracting the subtrahend from data of all pix- 
els thereby controlling the display brightness. 

57. A storage medium according to claim 56. wherein 
the step of summing the power consumption 
includes the step of summing differences between 
the power consumption and its target value, and 
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the step of determining the subtrahend 
includes the step of determining the subtra- 
hend based on the sum value of the differ* 
ences. 

58. A storage medium according to claim 50, wherein 
the display unit further includes a first driver for driv- 
ing address electrodes of the plasma display panel 
and a second driver for driving scan electrodes and 
common electrodes of the plasma display panel, 
and 



62. A storage medium according to daim 61 , wherein in 
the step of determining the brightness value, the 
brightness value is determined such that when the 
sum value of the power consumption is greater than 

5 the prescribed threshold value, the brightness 
value decreases linearly with increasing sum value. 

63. A storage medium according to daim 61 , wherein in 
the step of summing, when the sum value is less 

to than a presaibed lower limit value, the sum value is 
set at the lower limit value. 



the step of measuring the power consumption 
includes the steps of: 

measuring power consumed in the first driver ; 75 
measuring power consumed in the second 
driver; and 

confuting the power consumption of the dis- 
play unit by adding the power consumption of 
the first driver to the power consumption of the 20 
second driver. 

59- A storage medium according to claim 49, wherein 
when the step of increasing or deaeasing the 
brightness is carried out for every n frames, where 2s 
n is an integer, the step of increasing or decreasing 
the brightness Includes the steps of: 



64. A storage medium according to daim 61 . wherein in 
the step of determining the brightness value, when 
the value determined from the sum value is increas- 
ing or decreasing, If an amount of increase or 
decrease of the sum value is smaller than a pre- 
scribed margin when conpared with the sum value 
determined at the beginning of the increase or 
decrease, the brightness value is not updated but 
held at the previously determined value. 



averaging the power consumption over n suc- 
cessive frames; and 30 
increasing or decreasing the brightness in 
accordance with the averaged power con- 
sumption. 



60. A storage medium readable by a machine, tangibly 35 
embodying a program of instructions executable by 

the machine to perform method steps for controlling 
power consumption of a display unit, said method 
steps comprising: 

40 

measuring the power consumption of the dis- 
play unit; 

summing differences between the power con- 
sumption and its target value; 
determining a display brightness value for the 4S 
display unit from the sum value of the power 
consumption; and 

setting the determined display brightness value 
in the display unit. 

so 

61 . A storage medium according to claim 60. wherein in 
the step of determining the brightness value, the 
brightness value is determined such that the bright- 
ness value Is held constant when the sum value of 

the power consumption is less than a prescribed ss 
threshold value, and decreases monotonically with 
increasing sum value when the sum value is greater 
than the prescribed threshold value. 
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